The main aim of this study is to develop ocular drug delivery system for Natamycin; a polyene antibiotic is highly useful for the treatment of conjunctivitis and keratitis. The ocuserts were prepared using different polymers such as eudragit L-100, eudragit S-100, eudragit RL-100, hydroxy propyl methyl cellulose phthalate and cellulose acetate phthalate at various proportion and combinations using PEG-400 as plasticizer. The prepared ocuserts were evaluated for their physicochemical parameters like drug content, weight uniformity, folding endurance, thickness, % moisture absorption and water vapour transmission rate. The in vitro drug release from the formulations was studied using commercial semi permeable membrane and the in vitro release kinetic datas were treated according to the diffusion models proposed by Higuchi and Peppas in order to access the mechanism of drug release from the formulations, which were following zero order kinetics. All the formulations showed no change in the physical appearance and the FTIR studies indicated no possibility of interaction between drug and polymer. The expected zero order release for one day was observed in the formulation D1 (3% Eudragit RL100 and 1% Eudragit L100)
INTRODUCTION
Amongst the various routes of drug delivery, the field of ocular drug delivery is one of the most interesting and challenging endeavors facing the pharmaceutical scientist for past 10-20 years 1 . As an isolated organ, eye is very difficult to study from a drug delivery point of view. Despite this limitation, improvements have been made with the objective of maintaining the drug in the biophase for an extended period 2 . Natamycin is a polyene antibiotic, poorly absorbed from the gastrointestinal tract, whose half life (t ½ ) of 2-3 h, low molecular weight, and non irritant nature make this a suitable candidate for administration by the ophthalmic route as a sustained release insert. It can be used in the treatment of conjunctivitis and keratitis by reducing intraocular pressure. It is presently available as eye drops but has several drawbacks like loss of drug by tear and lachrymal fluid, frequent administration and poor bioavailability 3, 4 . In this study, an attempt was made to prepare as matrix diffusion controlled ocuserts with the target of increasing the contact time, reducing the frequency of administration, obtaining greater therapeutic efficiency, avoiding the pulsed type of dosing and improving patient compliance 5 .
MATERIALS AND METHODS
Natamycin was obtained from Desosa Pharmaceuticals Ltd. Mumbai, Eudragit L-100, Eudragit S-100 were obtained from FDC Ltd., Mumbai, Eudragit RL-100 from Rolex Laboratory Reagent, Hydroxy propyl methyl cellulose phthalate from Pharma Fabrikan, Madurai and Cellulose acetate phthalate from Reachem Laboratory Chemical
Fabrication of Natamycin Ocuserts:
The matrix diffusion controlled ocuserts were prepared by solvent casting technique 6 . Among the various substrates for film formation including mercury, teflon, glass and aluminium mercury surface was found to give best results 7 . All further work was done using this substrate with a ring of 5.5 cm diameter having 7ml capacity. Accurately weighed quantities of 165.32 mg of Natamycin and EUD L-100 were mixed with various polymers (EUDS100, HPMCP, EUD RL100 (or) CAP) using ethanol and acetone as solvents in 1:1 proportion. The bubble-free medicated solution was transferred quantitatively to the glass rings kept on the surface of mercury in petri plates. The petri plates were covered with inverted funnels to allow controlled evaporation of the solvent. These were left undisturbed in room temperature for two to three days. After complete drying, the film could be retrieved intact by slowly lifting the rings from the mercury substrate. Circular patches of 1 cm diameter, each containing 5.46 mg of drug were cut and taken for evaluation studies. Evaluation of natamycin ocuserts: The prepared ocuserts were evaluated for their physicochemical parameters like drug content 8 , weight uniformity, folding endurance 9 , thickness, % moisture absorption 9 and % moisture loss 9 .
Thickness: Film thickness was measured by a screw gauge at three different points on the film 7 .
Weight uniformity: Each film was weighed individually, then the average weight of films taken as the weight of the film 7 .
Folding Endurance: Folding Endurance of the film was determined by repeatedly folding the inserts at the same place till it breaks 7 .
Percentage moisture loss: The ocuserts were weighed accurately and kept in a desiccators containing anhydrous calcium chloride. After 3 days, the films were taken out and weighed 9 .
Initial weight-Final weight Percentage moisture loss = ----------------------------------x100 Initial weight
Percentage moisture absorption: The ocuserts were preweighed accurately and kept in desiccators containing 100ml of saturated solution of aluminium chloride. After 3 days, the films were taken out and weighed 9 .
Final weight-Initial weight Percentage moisture absorption=----------------------------------------x100
Initial weight
Drug content uniformity:
The ocuserts of each formulation were cut into smaller pieces, placed in media and stirred by using mechanical stirrer. From this, samples were taken and drug content was analyzed by U.V Spectrophotometer at 260 nm 8 .
Water vapor transmission:
The vials of equal diameter were used as transmission cells were washed and dried. About 1gm of fused calcium chloride was taken in the cells and the films were fixed over the brim with the help of solvent. Then, the cells were weighed accurately and kept in a closed desiccators containing saturated solution of potassium chloride (200 ml) and the cells taken out and weighed after 1,2,3,4,5,6 and 7 th day of storage. Then, the water vapors transmitted were calculated by the following formula 9 .
WL WVT Rate = ---------S W-Gm of water transmitted L-Thickness of film S-Exposed surface area of film FTIR studies: Physical stability and drug integrity of the formulations were studied using FTIR spectrophotometer 9 . The intactness of the formulations was confirmed by IR studies on a Shimadzu (8400s) infrared spectrophotometer using KBr disc. The FTIR absorption peak of pure Natamycin at 3118 cm -1 , 3070 cm were also observed in FTIR spectrum of all formulations which implies that there was no chemical interaction or bonding decomposition between drug and polymers.
Stability studies:
The stability studies were performed by keeping the formulation D1at 4°C, 37°C and 50°C. The drug content and its physical appearance were checked after 7,15,30,60 days by above mentioned methods 9 . Also, the sterility was checked in thioglycolate medium for UV sterilized films compared with unsterilized films 6 .
In vitro release studies through artificial membrane: The in vitro release studies were carried out using a bichambered donor-receiver compartment model designed using commercial semi permeable membrane of transparent and regenerated cellulose type (Sigma Dialysis Membrane)
10, 11
. It was tied at one end of the open-end cylinder which acted as the donor compartment. The ocusert was placed inside the donor compartment. The semi permeable was used to simulate ocular in vivo conditions like corneal epithelial barrier. The tear volume was maintained with the help of 0.7 ml distilled water. The entire surface of the membrane was in contact with the receptor compartment containing 25 ml of distilled water. The content of the receptor compartment was stirred continuously using a magnetic stirrer. 1 ml samples were withdrawn from the receptor compartment at periodic intervals and automatically replaced by equal volume of distilled water. The drug content was analyzed at 260 nm against reference standard using distilled water as blank on a Shimadzu UV/VisSpectrophotometer
RESULTS AND DISCUSSION
In the present study, efforts were taken for designing and evaluating Natamycin ocular inserts. Natamycin, a polyene antibiotic is highly useful for the treatment of fungal blepharitis, conjunctivitis and keratitis. Natamycin when formulated as eye drops suffered the disadvantage of instillation of the dye drops for every 3-4 h and hence maximized patient non compliance, leading to ineffective therapy. In the current study, Natamycin ocusert was formulated using various polymers such as EUDL100, EUDS100, EUD RL100, CAP, and HPMCP by mercury surface casting technique using PEG 400 as plasticizer. The drug delivery system was designed as a matrix and the release was controlled by using different polymers. The datas from Table 1 indicates that the percentage of moisture absorption was more in the formulation C1 (3% HPMCP, 1% EUDL100). This may be due to the hydrophilic nature of HPMCP while the ocular insert D1 (3% EUD RL100, 1% EUDL100) showed minimum percentage of moisture absorption due to the hydrophobic nature of the later. The content uniformity of the drug was reproducible and within the limit. Thickness of the ocuserts varies between 0.04  0.02 cm to 0.06  0.01 cm. The formulations are not very thicker and donor produces any irritation while placing in the cul-de-sac. The minimum standard deviation values revealed the fact that process used in the study is capable of giving films of uniform magnitude. This fact is further confirmed by drug content analysis data. The content uniformity of the drug was reproducible and within the limit. The weight of each ocusert ranged from 15.60  0.06 mg to19.8  0.52 mg. All the formulations were found to be in the limits and there was no significant deviation in the formulations. The folding endurance was measured for all formulations manually and the patches did not show any crack up to 300 folding and this indicates the good film forming property for all the polymers (Table 2 ). A1 to D3 represent various formulations prepared using Eudragit S-100,Eudragit L-100, Hydroxy Propyl Methyl Cellulose phthalate as polymers and polyethylene glycol(PEG)400(33.33% w/w of polymer) as plasticizer respectively. All the formulations were subjected to evaluate the surface pH; they had pH near to neutral pH and hence will not create any difficulty or irritation while placing in the cul-de-sac of the eye. The water vapour transmission studies were also conducted to find out the order of hydrophilicity of the polymers which showed that the insert containing CAP and HPMCP exhibited maximum water vapour transmission and the order of hydrophilicity of the polymers used in the study is as follows CAP > HPMCP > EUD S100 > EUD RL100. This can be attributed to the higher affinity, solubility and low viscosity of CAP which altogether contributed to maximum water absorption and transfer characteristics. Similarly least affinity for water due to hydrophobic molecular substitutions might have contributed to the least moisture absorption and transfer characteristics of EUD RL 100 ( The In vitro release studies for the formulations were given in the Table 4 . Data revealed that the ocular inserts prepared with CAP, HPMCP, EUD S100 were found to be devoid of drug molecule within 10-15hrs but inserts designed using increasing concentration of EUD RL100 (D3, D2, D1) showed a maximum release of up to 18 to 23hrs and the required drug release was achieved from formulation D1 (3%EUDRL100, % EUD L100) over an extended period of 23hrs. Though, some other formulations had shown the zero order release, the amount of drug released was less when compared to D1. This may be due to the pH independent releasing nature of the polymer and also the increased hydrophobicity of the same. The in-vitro kinetic data were graphically treated according to zero and first order equation to elucidate the mode of release. They were also treated for Higuchi's equation and peppa's equation to conform the mechanism of drug release 8 . Graphical best fit for the afore mentioned models were done and regression analysis was carried out to ensure the authenticity of best fit and the regression values for the graphical fit calculated were shown in the Table 3 . From the results, it was concluded that the drug release from the ocular inserts followed zero order kinetics and the release of the drug from the matrix followed Higuchi's equation. 
CONCLUSION
It is concluded from the present studies that the ocuserts of natamycin are capable of exhibiting controlled drug release with ideal sterility and stability and the formulation D1 (EUD RL100 3%, EUD L100 1%) has fulfilled the objectives of the present studies. Since, it released the drug with the fair correlation of 0.9923 and also retarded the release of the drug from the matrix until 21hrs because of the pH Independent permeability of the Eudragit RL100. Hence the formulation D1 may produce fruitful results to the patients and may create patient compliance.
